Adverse factors acting in foetal or early life have been proposed to be causally related to the development of hypertension and glucose intolerance in adult life. This might be caused by the influence of foetal malnutrition and impaired foetal growth. Another explanation would be that genetic factors can cause a chain of events, leading from disease in the mother, to impaired placental function and later development of disease in the offspring. We investigated the pregnancy outcome in male offspring of 368 diabetic and 38 hypertensive mothers, all diagnosed before pregnancy, compared to the offspring of 143 254 mothers without a corresponding pre-pregnancy diagnosis. The offspring were re-
Introduction
The origins of cardiovascular disease are multifaceted, and currently a broad interest has focused on the relationship between factors acting early in life and their consequences for the cardiovascular health of adults. Many studies have documented an inverse correlation between birth weight and blood pressure levels in childhood or adulthood, [1] [2] [3] [4] [5] [6] [7] [8] as summarised in a recent meta-analysis. 9 This has been proposed to be a consequence of foetal malnutrition and sub-optimal foetal growth, with a programming effect on vasculature and haemodynamic regulation. Similar data exist for associations between birth weight and glucose intolerance or diabetes in the adult. [10] [11] [12] [13] Diabetes mellitus or hypertension before or during pregnancy may adversely influence not only birth weight and perinatal morbidity, but also the longterm biological development and thus adult health in offspring. This may be due to either the harmful effects of metabolic disturbances or elevated blood pressure on the foetus during pregnancy, or the fact that a common genetic background factor, or rather investigated at the age of 18 years, at the time of a conscript test for military service. Offspring to diabetic mothers were shorter, but not thinner, and born after a shorter gestational time, than offspring to non-diabetic mothers. The former also showed increased weight and blood pressure at the conscript testing. This supports the notion of a genetic influence on birth variables as well as bodily development in the late adolescence. Thus, not only foetal malnutrition but also genetic programming seem to be factors of importance for the relationship between impaired foetal growth and adult health.
set of factors, may predispose both to medical complications of pregnancy for the mother and future health problems of the new-born.
In Sweden, the existence of national registers of good quality and validity, as well as an individual personal 10-digit code number for each citizen, enables researchers to do register studies on the associations between birth-related variables and the biological development in adult life. Two registers of importance in this respect are the Swedish Medical Birth Register and the National Register of Military Conscripts, with data collected after a physical evaluation for military service.
The aim of the study was to investigate birth data as well as weight and blood pressure in 18-year-old males from a national cohort, born to mothers with a pre-pregnancy diagnosis of diabetes mellitus or hypertension.
Subjects and methods
From the national register for military conscripts in Sweden all males born in 1973-1975 were selected (n = 149 378). Data on weight and blood pressure at the age of 18 years were available and have been analysed.
14 After a register linkage with the national birth register, information was also collected for maternal health before pregnancy as well as data on birth variables (gestational age, weight, height).
We investigated 149 378 Swedish males, born in 1973 (n = 51 228), 1974 (n = 51 875), or 1975 (n = 46 275), and registered in the Medical Birth Register (MBR) of Sweden. Birth variables were then compared with variables for the corresponding individuals from the National Register of Military Conscripts (NRMC), obtained in 1990-1994. In Sweden, military service is based upon a draft system and every healthy young man has to undergo an evaluation test at the age of 18 years, or in some cases on a later occasion. Excluded from this test are individuals with a known diagnosis of severe physical or mental handicap.
In all 5718 (3.7%) subjects were recorded in the MBR, but not in the NRMC, because of a pre-test exclusion for some medical reasons, eg, mental retardation (n = 1125), asthma bronchiale (n = 676), diabetes mellitus (n = 536), deafness (n = 456), psychiatric disorders (n = 378), cerebral paresis (n = 140), epilepsy (n = 131), cardiac disorder (n = 110), or severe drug abuse (n = 17). Therefore, males registered in both the MBR and the NRMC comprised 143 660 individuals.
The outcome of pregnancies of 368 diabetic (DM) and 38 hypertensive (HT) women were then compared to the outcome of normal (N) non-diabetic and non-hypertensive women, based upon pre-pregnancy diagnoses.
At birth the following variables were recorded for this analysis: birth weight (gram), height (cm) and gestational age (weeks).
At the conscript testing, subjects were investigated with a physical examination, recording weight (kg) in light indoor clothing, height (cm) without shoes, and blood pressure (mm Hg) as a mean of two readings in the supine position after 5-10 min rest (Korotkoff sounds I-V).
Statistics
The two registers were linked and differences between groups calculated for variables using SAS Institute software. 15 Biological variables are expressed as means with a standard deviation (s.d.). A P-value less than 0.05 was considered to be significant, for comparisons between groups with the normal group as reference.
Results
Offspring of pre-pregnancy diabetic and hypertensive mothers were born after a significantly shorter gestational time (37.7 and 38.3 weeks) than offspring of non-diabetic, normotensive mothers (39.7 weeks), P Ͻ 0.05. Offspring of diabetic mothers were shorter, and offspring of hypertensive mothers were lighter, than offspring of normal mothers (Table 1) .
At the military conscript test, the weight in offspring of diabetic mothers was higher than that in offspring of non-diabetic mothers (72.9 kg vs 71.4 kg; P Ͻ 0.05). This corresponded to a similar difference in systolic blood pressure between the same groups (130.0 vs 128.8 mm Hg; P Ͻ 0.06) ( Table 1) . 
Discussion
It has been repeatedly shown that a relationship exists between low birth weight and other adverse perinatal factors on the one hand, and adult hypertension or glucose intolerance on the other.
1-14 Not often, however, are these variables related to prepregnancy diagnoses of diabetes mellitus or essential hypertension. This is important as such diagnoses may be markers for a genetic trait of disease, thus influencing both pregnancy outcome and biological alterations in the offspring. One example of this hypothesis is a study from the UK showing a relationship between elevated blood pressure in mothers, and low birth weight as well as blood pressure elevation in the grown-up offspring. 16 Previous studies have also documented that offspring of hypertensive pregnant mothers tend to be lighter than offspring of normotensive mothers, similar to what was shown in this study. 17, 18 This may be a mediator between maternal high blood pressure and the elevated blood pressure of the offspring as previously shown. 16 Furthermore, this might be even more obvious if analysing data from mothers with pre-pregnancy hypertension as compared to data from mothers with gestational hypertension, the latter condition being influenced by diverse pregnancy-associated pathophysiological mechanisms.
Similarly, there are differences in pre-pregnancy diabetes mellitus conditions compared to gestational diabetes, the latter being more associated with obesity and insulin resistance than the former condition.
The present study has some limitations. It only includes male subjects and has a relatively short follow-up, until the time of conscript testing at a mean age of 18 years. The numbers of mothers with prepregnancy diabetes or hypertension are not impressive, and may even be incomplete due to suboptimal pre-pregnancy diagnostic procedures in the early 1970s (eg, for hypertension), or the influence of selective survival in offspring of hypertensive mothers. The quality of the medical birth register in Sweden is, however, supposed to be high, 19 and the secular trend of socio-economic influences on infant mortality improving, 20 why these beneficial conditions tend to diminish selection bias in the study.
In conclusion, males born to mothers with a prepregnancy diagnosis of diabetes mellitus were shorter and delivered 2 weeks earlier than males born to non-diabetic mothers. Weight and systolic blood pressure were elevated at the age of 18 in offspring to pre-pregnancy diabetic mothers. This supports the importance of maternal influences on weight development and blood pressure regulation in the offspring, which may be genetic by nature.
